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SPREAD SPECTRUM CLOCK GENERATOR BACKGROUND OF THE
INVENTION 5 1. Field of the Invention The invention relates to reducing
electromagnetic interference (EMI) of clock generating circuits, and more
particularly to architectures for digital spread spectrum modulators with
frequency and profile SPREIAOSPEC PR DRECIRHIOR GEMERAREGR Art Fig.
1 is a simplified block diagram of the related art U.S. Patent 5,488,627
(Hardin et al.) Fig. 6, which is a conventional type phase-locked loop
(PLL) which modulates the divider. Oscillator (OSC) 33 feeds Counter 1
block 35 which feeds Phaga EetertoUtRD D3 T ooty foiker 38 and
Voltage-Controlled Oscillator (VCO) 39. Block 39 is coupled to 15 an
Output Divider 40 (with output Clock Out) and Counter 2 block 42.
Counter 2 block 42 in turn is coupled back to block 37. Blocks 35, 37, 38,
39, and g2 akenbring fd - Oscillator 33 also feeds Counter 3 block 45.
Coupled in series between the output of Counter 3 block 45 and a

SeCORg AVELR Wikt fHARlcs @f&ywwé&é%&ﬁ%(ﬂmﬂ 3Pk

block 47. Look-up Table 1 block 46 is coupled between blocks 45 and 35

g&i%?’aﬁﬁ%’éﬁ}f{ﬁt%seﬂx&?ﬁ&'&%ﬂ?ﬂﬁ%lg'%Cﬁréﬁﬁwﬁﬁﬁgéﬁmeﬁfﬁyﬁgecm

Patent 5,488,627 (Hardin et a . 6 has the te implementation

m A Ofith ARG R YRR hJBREHIGHNg the divider that a very 1

2. Description of the Related Art
Fig. 1 is a simplified block diagram of the related art U.S. Patent 5,488,627 (Hardin

et al.) Fig. 6, which is a conventional type phase-locked loop (PLL) which modulates the

divider. Oscillator (OSC) 33 feeds Counter 1 block 35 which feeds Phase Detector (PD) 37

followed by Filter 38 and Voltage-Controlled Oscillator (VCO) 39. Block 39 is coupled to
an Output Divider 40 (with output Clock Qut) and Counter 2 block 42. Counter 2 block 42
in turn is coupled back to block 37. Blocks 35, 37, 38, 39, and 42 make up the PLL.
Oscillator 33 also feeds Counter 3 block 45. Coupled in series between the output of
Counter 3 block 45 and a second input to Counter 2 block 42 are Up/Down 49 and Look-up
Table 2 block 47. Look-up Table I block 46 is coupled between blocks 45 and 35 and

provides a second input to block 35.

The architecture of U.S. Patent.5,488,627 {Hardin et al.) Fig. 6 has the technical

implementation difficulty of a conventional type PLL modulating the divider that a very
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large input reference divider (Counter 1) and feedback divider (Counter 2)
is required in order to implement the N-step "Hershey Kiss" or Step
triangular profile. This results in the reference input frequency to the
phase frequency detector to be very small and thus a very low loop

1ar B2 RS FeHitREL QTR ) HRMRYEbaBVER doM dRRR BT RHhired in

means a 5 very large and external loop filter capacitor Is required; also the

ordeto WiLRGHAR e Qe apit ik yieduraion giananae e o mHistiits in the

'to use a Fractional-N PLL, but this approach also has technical

: ) : | : : -y .
TG%W 1{% 2 ?é?ge‘gﬁ}ﬂm ESHIER Y BRNG: R BYSIGY BB Aidhus a very

Is a simplified block diagram of the related art

tow oo BariRiAa8 %Zil(!e_@f&i@ta%ti ) GwivaNiE DS PR AR dWRIth means a

output voltage with a DAC output voltage, where the DAC géts its profile

ram.a RN, JheR g Qg ik PIERiTBR 54 E5w to
Verig Bk ge%fg% llj%h%rﬁ%{g ggg%%llﬂé\eﬁg]&utt e’r?e IS no second input to

lock 35.. Coupled in seres between . OR-RYPRIBE: this

tra%‘o%‘é:’ ?f%l%tﬂ%]f)lgl\}van' lgrégaqrﬁ%‘?%gocé)%%%} %'Ir(l21 ?E)%?ltal-to-Analo’g

Converter 83. The output gf Summing Node 21 goes i%qr&?@r
PR B B A B S B AR R i AR Wercome

}{%%p filter vol}_t%%e, the technical implementation problem is having to add
at BESHIAPBTBIY voltage with a very small voltage which can be as

small 20 as 1 % of the loop filter output voltage. For example, a practical
value of the loop filter output voltage is IV, to sum this IV with 10mV (11/0)

2,?3 55 f%s ?ﬂlg % m&%%&%ﬁggﬁ%{%ﬂ%&% LIS @ 627 (Hardin
et al.} Fig. 9, which sums the loop filter output voltage with a DAC output voltage, where
the DAC gets its profile from a ROM. The PLL of Fig. 2 is like the PLL of Fig. 1 except
that Filter 38 also feeds a Summing Node 21 and that there is no second input to block 35.
Coupled in series between Counter 3 block 85 and Summing Node 21 are Up/Down
Counter 23, ROM 82, and Digital-to-Analog Converter 83. The output of Summing Node

21 goes to VCO 51 and from there to Qutput Buffer 40 and output Clock Out.

Regarding the summing loop filter voltage, the technical implementation proialem is
having to add the loop filter output voltage with a very small voltage which can be as small
as 1% of the loop filter output voltage. For example, a practical value of the loop filter
output voltage is 1V, to sum this 1V with 10mV (1%) requires a low offset opamp. But

since this 10mV signal contains 2" steps to implement the “Hershey Kiss” modulation, Step
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2 triangular, or any other modulation profiles, this adder becomes
impossible to design to- such a degree of accuracy. Since the spread
~ spectrum clock generator designs as discussed above have various 5
- implementation problems, a new approach is highly desirable and is
tridpigden@ckhe hyr imodhitatinteptidfiled hkiraddertbeesryp émpdssihled design to
spectrum clock generators (SSCGSs) in the literature. The first type
sudhadigaiesohavatiage-controlled oscillator (VCO) directly; refer to: 10
H.S. Li, Y.C. Cheng, and D. Puar, "Dual-Loop Spread Spectrum Clock
Generator,” in IEEE hit. Solid State Circuits Conference Dig. Tech.
Papers, 1999, pp. 184-185; and H.H. Chang, I. Hua, and S. Liu, "A

Spregigce prs thenipekiarnearlo pMEfatot iRsgPEsN BGusst® Bbolethve various
Journal of Solid-State Circuits, Vol. 38, No.4, April 15 2003, pp 673-676.

implRESPGARH £YB616A8) RINES HIProUdHROBEMBUIRHENN the iﬂ@@&s&@%ﬂlﬂereby in

and the special digital processing circuits to achieve the spread spectrum
thifupetignenefer to: Y. Moon, D.K. Jeong. and G. Kim, "Clock Dithering for
Electromagnetic Compliance Using Spread Spectrum Phase Modulation,"
in IEEE Int. Solid State 20 Circuits Conference Dig. Tech. Papers, 1999,
pp. 186-187; H. Mair and L. Xiu, "An Architecture of High-Performance

Fre%ﬁ&@a@fﬁt@@?ﬁﬁs of spread spectrum clock generators (SSCGs) in the literature.

Tlie ﬁfst typ.e- modulates theivoltagé-controlled oscillator (VCO) directly; refer to:
HS.Li, Y.C Che_ng, and D. Puar, “Dual-Loop Spread Spectrum Clock Generator,”
in IEEE Int. Solid State Circuits Conference Dig. Tech. Papers, 1999, pp. 184-185;
#nd
H.H. Chang, I. Hua, and S. Liu, “4 Spread Spectrum Clock Generator With
Triangular Modulation,” TEEE Journal of Solid-State Circuits, Vol. 38, No.4, April
2003, pp 673-676.

The second type combines the multiphase outputs of the clock source and the special digital

processing circuits to. achieve the spread spectrum function; refer to:
Y. Moon, D.K. Jeong. and G. Kim, “Clock Dithering for Electromagnetic
Compliance Using Spread Spectrum Phase Modulation,” in IEEE Int. Solid State
Circuits Conference Dig. Tech. Papers, 1999, pp. 186-187;
H. Mair and L. Xiu, “An Architecture .of High-Performance Frequency and Phase
Synthesis,” IEEE Journal of Solid-State Circuits, Vol.35, No.6, June 2000; and
H.W. Chen and J.C. Wu, “A Spread Spectrum Clock Generator for EMI Reduction,”

3
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Synthesis," IEEE Journal of Solid-State Circuits, Vol.35, No.6, June 2000;
and H.W. Chen and J.C. Wu, "A Spread Spectrum Clock Generator for
EMI Reduction," 3 IEICE Trans. Electron., Vol. E84-C, No. 12 December
2001. The third type modulates the divider in a phase-locked loop (PPL);

refer IBIGEYTAeBland .. Wares4 4 Rrequemacddnerzded PLL for EMI
Reduction in Embedded Application," in Proc IEEE Int. ASIC/SOC Contf.,

THORG: PR pEododbitadthexlMide BAN K aselledked 166pYBEI ) OR:RPE: Spread
Spectrum SerDes PHY with a 0.3mW 1.5Gb/s Level Detector for Serial

ATA,} 9. R ¥hPUONERIES DI be65 MBI MR PELYSy BRPRBFction in
This type of architecture is also shown in'U.S. Patent 5,488,627 (Hardin et

al.) Figy,Bed 38 SHNEMon; HABR ISR, YIS/ SO AEHIECIY Whiak2-365; and

modulates the loop filter output 10 voltage. See reference to U.S. Patents

Delon YheRHLS PaleRIe s PSR 0 5 P SEELIRNE NADAIBEN irh

Patent 5,488,627 (Hardin et al.) describes a clock circuit which includes

an osgaleY; T0GARNSIANLRLEICISNSS L AN YR FRIPCERGADIg. Tech

spectrum clock generator. The 15 spread spectrum Clock generator
works, with. t Sf(h'!@t t erate a spread spectrum clock output
signa?#a%\?lsﬁgﬁé%un afﬁgé)n%zggll%?équency and reduced amplitude
I Tog| eren C i
TR GRS B O SR SRR . o
sa%‘e%g.%ann B {nt%l%%: ag’gr%gjge%&re which .modulatcs the loop filter output

voltage. See reference to U.S. Patents below.

Other U.S. Patents which bear on the present invention are:
U. S. Patent 5,488,627 (Hardin et al.) describes a clock circuit which includes an oscillator
for generating a reference frequency signal, and a spread spectrum clock generator. The
spread spectrum clock generator works with the oscillator to generate a spread spectfum
clock output signal having a fundamental frequency and reduced amplitude electromagnetic

interference, EMI, spectral components at harmonics of the fundamental frequency.

U.S. Pateﬁt 5,631,920 (Hardin ) is related to and an enhancement to USP 5,488,627
described above. It also describes a clock circuit which includes an oscillator for generating
a reference frequency signal, and a spread spectrum clock generator. The spread spectrum
clock generator works with the oscillator to generate a spread spectrum clock output signal

having a fundamental frequency and reduced amplitude electromagnetic interference, EMI,
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20 described above. It also describes a clock circuit which includes an
oscillator for generating a reference frequency signal, and a spread
spectrum clock generator. The spread spectrum clock generator works
with the oscillator to generate a spread spectrum clock output signal

spBailgadpiiiamentaliRauenmrNfhiadeath PR idg, electromagnetic

interference, EMI, 4 spectral components at harmonics of the
U Slagne91ek e a PN b Rl et hRaS 2 BRI Rk b U ek, 627
to and a refinement of USP 5,488,627 described above. 5 U.S. Patent
deacBiteBAyp{Booth et al.) is related to, and an enhancement to USP
5,488,627 described above. It also describes a clock circuit which
includes an oscillator for generating a reference frequency signal, and a
spread spectrum clock generator. The spread spectrum clock generator

UYOPsEp dhe WH@&B{H‘%&?R% AP IRECANSREGHHANLGGH RHIRSH 5,488,627

signal having a fundamental frequency and reduced amplitude

de%lﬁﬁé% etig INEELER6s FMcd UrRAECHAGPIARESNS ééé?ﬁﬁEBPFd??eneraung
n ament al frequency. U.S. Patent 6,167,103 (Hardin) Is similar

R AL PR R S YA S

a3} gesedbes; gnk' PR YRS SRRl SPeStmClodk. QANBAIOT CHUIIGN: signal

ompensa es for variatl S INn passive co ponent val

and syste a|n char urrent in. a.Phas Locke Loo
cﬂ%%%/ al}ent %7#@1 Elger(r{/ ﬂ}l esf:‘n%gén L mf)rlgv rgFrence EML,
sp%lcotlgli ggrrr]l%[%é%?s %Itr lz{r}nonlcs of the fundamental frequency.

U.S. Patent 6,167,103 (Hardin) is similar to U. S. Patents 5,488,627 and 5,631,920 but uses

RAMs instead of ROMs for widely differing applications.

U.S. Patent 6,292,507 B1 (Hardin et al.) describes an improved spread spectrum clock
generator circuit which automatically compensates for variations in passive component

values and system gain and charge pump current in a Phase Locked Loop circuit.

U.S. Patent 6,366,174 B1 (Berry et al.) describes an improved clock generation circuit
which operates with a siﬁgle input clock frequency, and includes a Phase Locked Loop

éiréuit (PLL) with a digital accumulator in the feedback loop, in which either the most

 significant bit or the carry bit of the binary adder is used as the modulated feedback clock to

the phase/frequency detector of the PLL.
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20 which operates with a single input clock frequency, and includes a
Phase Locked Loop circuit (PLL) with a digital accumulator in the
feedback loop, in which either the most significant bit or the carry bit of
the binary adder is used as the modulated feedback clock to the
U Shasefitesjienessgiacdin of sy Bistlobel aSeatend Ospdrlindclbtar dimatitor
al.)) discloses a segmented spectrum clock generator which exhibits a
whichl deRititseSReNEAOAMHREHARY HNeNEaEMNEPIS sddieehR0 MTaBRMBRAGE WHtctrum
clock generator output signal is generated by a frequency synthesizer
cl6HEBEnNMRIGR oMpRLiaies 1o RIS RAMH Bredeiprniirditaigich
between upper and lower bounds. 5 U. S. Patent 6,559,698 (Miyabe)
mg&ﬁﬁféﬁﬁ@oﬁﬁﬁ&%&ﬁ@ﬁéf&% B%ﬁ@@ﬁl‘ﬁi@@ M@Be‘t@&‘éb‘ﬁ npér it lower bounds.
capacitor and a first resistor. In this circuit, a reduction in a comparison
frequency is avoided by using a clock modulating circuit to restrain
cycle-to-cycle jitter in a clock generator subjected to EMI. 10 U. S. Patent

USP4etS ﬁ%@%ﬂ&%ﬁ&@ﬁlﬁ@ Ao RHEPIE RBFESFRE filter

Spread Spectrum CloCk Generator, SSCG module and that uses both a

iné'ilﬁﬁlﬁ%}%ﬂgl%%ﬁ?& clerk sRi9nakate HPHIS GREK SIARaLNBRE 2elparison

clock Signals are synchronized and where the “ASIC architecture

RS e By ek AL ReR ARlran 4 SRARISLIAREHE SE e no

k signa

clock generator subjected to EML.

U. S. Patent 6,597,226 (Eade et al.) describes an ASIC architecture that uses a Spread
Spectrum Clock Generator, SSCG module and that uses both a frequency modulated clock
signal and a pure clock signal, where both clock signals are synchronized and where the
ASIC architecture minimizes the number of pins and silicon area needed to provide the dual

clock signals.

U.S. Patent 6,647,052 (Hailey) describes a method and an apparatus for reducing EMI
emission in a multi source electronic system. The phase of the modulated waveform is
varied to minimize the number of clocks within the EMI measurement bandwidth. The
j)hasc of the modulated waveform is varied in proportion to the number of EMI generating

sources in the electronic system.
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U.S. Patent 6,647,052 (Hailey) describes a method and an apparatus for
reducing EMI emission in a multi source electronic system. The phase of
the modulated waveform is varied to minimize the number of clocks
within the EMI measurement bandwidth. The 20 phase of the modulated

wavelofRa Ve estdd MERRRHIOSrRdhB ViR el aaiTarRtiatited art offers the
sources in the electronic system. 6 It should be noted that none of the

ad?RRSs Bt & sifdNedsiingert the aarlvai@gReMkoupled to a

voltage-controlled oscillator comprising a V-to-I converter coupled to a

cut RGPS IS BRI IREABE LY RARID ﬁ{l{@egﬂ%?ﬁﬁgrﬂﬁ% ‘_ii_\ﬂlgé?%ﬁcise op

very precise op amp for summing voltages. 5 SUMMARY O
mﬁb'\f’ﬁ@mg {,%ﬁggggject of at least one embodiment of the present
invention to provide a more robust architecture for a spread spectrum
clock generator by using current instead of voltage 10 in the
voltage-controlled oscillators. The architecture is thus less susceptible to
noise than in the voltage mq IVRAHIO-FRRTSRX e TieR¢ of the prior
art for a very precise op amp for voltage summing. It is another object of
the present invention to provide an architecture which can 15 easily
generate a spread spectrum ratio which tracks the voltage-controlled

oscmﬁtlosra%uct)%uetctf{&%lfj ?er:]:lgy cylvlgré(r)nlgo 19’1'&% gfa Eﬁ‘el Brgqsglqt] "1)1{¥éntion to provide a more
robust architecture for a spread spectrum clock generator by using current instead of voltage

in the voltage-controlled oscillators. The architecture is thus less susceptible to noise than

" in the voltage mode, eliminating thereby the need of the prior art for a very precise op amp

for voltage summing.

It is another object of the present invention to provide an architecture which can
easily generate a spread spectrum ratio which tracks the voltage-controlled oscillator output

frequency without adding data in memory.

It is yet another object of the present invention to provide an architecture which can
easily generate spread methods, such as center and down spreads, without adding data in

memory.
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It is yet another object of the present invention to provide an architecture
which can easily generate spread methods, such as center and down
spreads, without adding data in 20 memory. 7 It is still another object of
the present invention to provide an architecture which can easily

implegeRiiManiuR-FERaq SRURSREGA AN EEIHAES MR cture which can
normalized data profile in memory (thus providing good flexibility). 5

- ea&ﬁ?ﬁﬁﬁ&ﬂéﬂ%%ﬂ%%?&i&?ﬁ%&@&%%@&?&ﬂ%ﬁ&l@ﬂywm Gn¥ dfBrtnalized data

converter followed by a current-controlled oscillator for both the

prORIVRERARY Sﬁﬁgepﬁgqyfﬁ SeallaianyCo). called closed-loop VCO,

and a second VCO, called open-loop VCO; which is separated from the
phase-locked loop (PLL). Both VCOs are identical in design thereby
reducing circuit parameter variations to an absolute minimum. Both VCOs

qeneriigs T &%E}%ﬁi%“%‘éﬁ%ﬁ#é%%spe%ﬁd i

generates a S|gn X enerator while

foﬁ‘o‘%v%ﬁ%” 09RrY ?rﬁf&h"‘as IRARIAHS ﬁoop oS onfrolled

spread pectrum clo S|gna e open o'l part of the sprea

os H?(%trug}eﬁ)s aﬁ%(rh? 0d rgtgg;x)()d ég; ck curreMgp ISiLSRresentr tin CO

e mo By me 8 rads. This arrdngeme ensute

W T BB DRI CH L ORI G B %r%[l‘d design
R B A e §ﬁ“$§§%§%ﬁ%§%@§%§#€@£ ) S goswe

driven by the same signal of the PLL. The closed-loop VCO generates a signal Ix which

drives the spread spectruin generator while the .open-loop VCO receives the modulation
current to generate the spread spectrum clock signal. The open-loop ICO is part of the
spread spectrum generator and receives feedback current signals representing the
modulation method and modulation ratio. This arrangement ensures that the modulated
clock output tracks the PLL.output frequency and is unique to the present invention. The
modulation method and modulation ratio signals are generated by current sources controlled
by memorics and programmable current dividers providing excellent control over the

modulation selection.

In a second embodiment of the present invention the closed-loop VCO receives
from the spread spectrum generator the feedback current signal representing the modulation

method (center/down spread), while the open-loop VCO receives the feedback current
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modulation selection. 20 In a second embodiment of the present invention
the closed-loop VCO receives from the spread spectrum generator the
feedback current signal representing the modulation method
(center/down spread), while the open-loop VCO receives the feedback

sigHANTRPEE&SIARR HRRARIANIRG, 1A N aswiadeRtali Quirdie ideriizalrewgain the

sources are used in the second preferred embodiment. This architecture

se@IRA PFAULES dhB SRARS (TR URRZR SR Fide OHOHISarR 1 182Rhronize the

and many other objects and advantages of the present invention will be
twiEBEiYoaRRALent to one skilled in the art to which the invention pertains
from a perusal of the claims, the appended drawings, and the following
detailed description of the preferred embodiments. 10 BRIEF
DESCRIPTION OF THE DRAWINGS Fig. 1 is a block diagram of the

prior-BiLEith PritR Wk G @%ﬂfaﬁ\%ﬁggésaéh}ﬂe%%&n%iﬁv%&ieﬁ%vill be

diagram of the basic principle of the present invention. Fig. 4 is a block

re%ggg%%g% frShar %fé&%aﬂfﬁ@ggw&{ theintesanh ventiofodP FienRal of

gram of a seco rred embodiment of the present

thfi:nc\ig%[l;% '%he?%e% Sy @%ﬁgﬁ%{“&%ﬁé‘?&ﬁ%&ﬂf&%Hﬁ@db&'a@%{b‘%[éﬁ of the preferred

simuiation o e pre

embodiments.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of the prior .art.
Fig. 2 .is a block diagram of the prior art.
Fig.. 3 is a block diagram of the basic principle of the present invention.
Fig. 4 is a block diagram of a first preferred embodiment of the present invention.
F1g 5 is. a block diagram of a second preferred embodimenf of the present invention.

Fig. 6 depicts the modulation profile of the behavioral simulation of the preferred

embodiment of the present invention
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embodiment of the present invention 9 Use of the same reference number
in different figures indicates similar or like elements. DESCRIPTION OF
THE PREFERRED EMBODIMENT 5 Referring now to Fig. 3, we begin a
description of the invented Spread Spectrum Clock Generator (SSCG)
Usththe samC (R CAMRY iSER B PRSP EKEHIORR #idlidatlsidiltiCor like elements.
Programmable Current Divider 301, a Current Mirror/Divider 32, a Current
Source Array 601 with ROM 701, and a Post-Programmable Current
Divider 11602, which will be discussed in more detail below. The PLL
receives, via a Preygiyidantb Q3 wR PIORREARENMB GPIMESeS the
following components, a Phase-Frequency Detector 202, a Charge Pump
(CP) 203, a CLOSED-LOOP VCO 204 with V-to-I converter 205 and
current- controlled oscillator (ICO) 206, a Feedback Divider (N) 101, a

L A G G
N R ﬁg%?&.ﬁ%%d S P
P SO R R PR A S A

asiC prlnC|pIe [0) e |nv’en on IS urren

SRR L S o e a'é‘s'”9 R R Iy
dlggblll_lrésef;‘? %%é\%ﬁ%ﬁ% g‘grr%ﬂt %iirlqgcé‘% valgjé. rggdzr% g}%%?ﬁ)&l Input signal

Fin and comprises the foiloWing components, a Phase-Frequency Detector 202, a Charge

Pump (CP) 203, a CLOSED-LOOP VCO 204 with V-to-I converter 205 and current-
controlled oscillator (ICO) 206, a Feedback Divider (N) 101, a Loop Filter 102, and an
OPEN-LOOP VCO 404 with V-to-I converter 405 and ICO 406. The output of ICO 206
provides output signal Non-SSC, and the output of ICO 406 provides output signal SSC.
The Current Mirror/Divider 32 comprises Programmable Current Mirror 401, Post-

Programmable Current Diver I 402 and Register 501.

Still referring to Fig, 3, the basic principle of the invention is that a Voltage-t;)-
Current (V-to-I) converter 405 modulates the clock signal using not voltage but current.
Basically, the invented SSCG §onsists of four blocks which are: PLL, current
mirror/dividérs, Current Source Array 601, and memory 701. The PLL has a conventional

architecture but what is different is that there are two voltage-controtled oscillators (VCOs)

10
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architecture but what is different is that there are two voltage-controlled
oscillators (VCOs) 10 init. One is a VCO of a conventional PLL which is
called CLOSED-LOOP VCO 204, and the other VCO is separate from the
conventional PLL and is called OPEN-LOOP VCO 404. Both are exactly

in e vicalsane daven Rydbensignal Tl WA ltHlEnecosDNAbEIFOVIdN04, and
Fig. 3 is that the currents IMETHOD and IMOD of the CLOSED-LOOP

the/ &ﬁ%ﬁ%gfIstgeﬁﬁfﬁéélﬁﬁﬁlﬁé%&?\?e&k&ﬁ@ﬂ%gE’s VEHa®PEN-LOOP VCO 404.

modulated (there are no IMETHOD and IMOD  currents flowing into it).

Current Ix of the CLOSED-LOOP VCO fee re-Programmabl .
i i N T S

CLOSED-LOOP VCO and OPEN-LOOP VCO generate the normal clock
Figndlistibaishesspeisthuriotockiddspeceil/dy CLAQSEDREQPP VCO are set to zero

CLOSED-LOOP VCO generates the reference current (IJNIT) for the

betHikRRhe QoS BIAYCROR witey thadt hiothulackathanthié iar A9 & and Ivop
OPEN-LOOP VCO receives the modulation currents IMETHOD and

IMOD nodul he clock si A
oS ) B SRR RAHRH

Current Divider 11602, to select the modulation method and 15
CunsdtiRivdderad , rekide Stivednt BuebihecORERLTAOP ¥GQds not used.

Pre-Programmable Current Divider 301 is divided by 2A for IN, and 2E
~for IM. The Programmable Current Mirror 401 is controlled by Register

501 in which the value (A-bit) is selectable based on the spread method

such Fg.ENEs BPLEAD20vAy SeOPENEBOEPA/0GSenértie the normal clock and

corresponding current IN. The Current Source Array 601
spread spectrum clock, respectively. V-to-I205 of CLOSED-LOOP VCO generates the

reference current (Iynyr) for the current source array 601 after the PLL is locked and V-to-I
405 of OPEN-LOOQOP VCO receives the modulation currents Injeryop and Imop to modulate

the clock signal. IyetHop and Iyop are outputs of Post-Programmable Current Divider 1

402 and Post-Programmable Current Divider II 602, to select the modulation method and

modulation ratio, respectively.

.. e A
Output current Iynyr of the Pre-Programmable Current Divider 301 1s divided by 2

for I, and 2° for Ip. The Programmable Current Mirror 401 is controlled by Register 501
in which the value (A-bit) is selectable based on the spread method such as center-spread
and down-spread and puts out the corresponding current ky. The Current Source Array 601

(B-bit) is controlled by read-only memory (ROM) 701. The ROM contains the modulation

11



10

15

20

(B-bit) is controlled by read-only memory (ROM) 701. The ROM contains

the modulation 11 profile such as "Hershey Kiss", Step triangular or any

other modulation profile and is based on ROM data. The Current Source
ts out the corresp ondlnct)naurrent IM. This ensures that the

IR AR RGeS S ARSI Ryt R RERGle and is based

feature is not available in any of the prior art. Then, these currents are
orREM lasap e BrsrsnimevaeseATay BN tes SarDEEPEDGing SweRNtham

down to whatever spread methods and spread spectrum ratio is desired
(e.g., 1%). The resultant currents are passed to the OPEN-LOOP VCO
for current summing or current subtracting with the full scale current that

genemiBsiRerty haulpuhb®duencyighdlAchas the ®3.Didiguirkegiincy; note that
invention are: It solves the problem of having to design very precise

thi3eaps when denglbenvaliogbthsprisr IMUTHEIS theshdaakie altoyussiito Post-

fine implementation of the "Hershey Kiss", Step triangular or any other

PrORaRIRBN: TTRfaR 15 e autD i gote sdiie themomeni thostatbvelpiead methods
Hua, and S. Liu, "A Spread Spectrum Clock Generator With Triangular

arifl opteiRtigube R FadRU Rl @ piS- S10) Z Gireutisulvl ARrdNR drefbed to the
2003, pp 673-676 can only |mplementt e Step triangular modulation.

OBEN- E@b@evwﬁﬁ@u@%?&%ﬂﬁﬁﬁf@%r%&ﬁéﬁﬁﬁxﬁﬂ%&ifﬁﬁ%ﬁ{'%mﬁlt&‘ﬁi@cunent
the VCO output

that generates the PLL output frequency.

Advantages of the present invention are:
o It solves the problem of having to design very precise opamps when doing the voltage
sums. Thus, this aréhitecture allows the fine implementation of the “Hershey Kiss”,
Step triangular or any other modulation profiles. Other architectures like the.one‘in
HH Chang, 1. Hua, and S. Liu, “4 Spread Spectrum Clock Generator With
Triangular Modulation,” IEEE Journal of Solid-State Circuits, Vol. 38, No.4, April
2003, pp 673-676
can only implement the Step triangular modulation.
¢ This architecture can easily generate a spread spectrum ratio that tracks the VCO output
frequency without adding data in memory.
* This architecture can easily génerate sﬁread methods (down/center spread) without

adding data in memory.

12




10

15

20

20 frequency without adding data in memory. This architecture can easily
generate spread methods (down/center spread) without adding data in
memory. 12 Le., this architecture can easily implement various spread
spectrum ratios and modulation methods with one normalized data profile-

o I RICRAYRIRHAIG YL BAGROh JIEXBN YariduR QS fe A8 AP S AURD HRIIWERDS

created since it utilizes voltage-to current converters and 5

ClFRRERRAALRR SSRGS RiHAI Y& 858 W@ﬂ%ﬁ%'g&%ﬂﬁ very good

voltage-controlled oscillators. We now direct our attention to Fig. 4 which '
' illﬂggi%gﬁythe architectural details 40 of the first preferred embodiment of

the present invention. All components of Fig. 3 are 10 repeated in Fig. 4.

* s T T e o e M Ao BRI s and

the on Divider receives signa
Also_added. arge input.signals;.Feedback Divider.Selection (EDS) t

- - 11
e e B DR R A R e R Yot g gpuoned
(M Zlﬂ 'OZILS Output Frequency Selection (OFS) to Output Divider 207,
MOGUIELDR Method Selection (MMS) to Post-Programmable Current
Divider | 402; Modulation Ratio Selection (MRS) to Post-Programmable

Current Divider Il 602.

We now direct our attention to Fig. 4 which illustrates the architectural details 40 of

the first preferred embodiment of the present invention. All compénents of Fig. 3 are

repeated in Fig. 4. Added are the Output Divider 207, the ROM Address Generator 702,
and the Modulation Divider (Q) 703 which receives signal Fyco from ICO 206. Also

added are input signals:

Feedback Divider Selection (FDS) to Feedback Divider (N) 101;

Input Frequency Selection (IFS) to Pre-Divider (M) 201;

(jutput Frequency Selection (OFS) to Output Divider 207; ]
Modulation Method Selection (MMS) to Post-Programmable Current Divider 1 402,
Modulation Ratio Selection (MRS) to Post-Programmable Current Divider II 602.

The preferred implementation for the ICOs 206, 406 is a ring oscillator and for the Current

Source Array 601 is a digital-to-analog converter (DAC).

Fig. 5 depicts a second preferred embodiment of the present invention with a

somewhat different architecture 50 from that of Figs. 3 and 4. Following are the

13
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The preferred implementation for the ICOs 206, 406 is a ring oscillator
and for the Current Source Array 601 is a digital-to-analog converter
(DAC). 20 Fig. 5 depicts a second preferred embodiment of the present
invention with a somewhat different architecture 50 from that of Figs. 3

coﬂﬂ%ﬂeﬁ@k@ﬁ@ﬁ&&r&ﬁ‘é@eﬁamp@ anieuMighseiRal iR 5o A dhrent
Current Source/Divider 52 with Current Source Array 411, Register 511,

ScRcE AL m%‘%@ylﬂﬁf 43 PRl difipianDSil8E M3, Also different is that a)
Post- Programmab e Current Divider | 402 feeds back to CLOSED-LOOP

P&é@ﬂ%@o MIRERPYCERAPHINAY ¢ FeL A Jeback 129 EANCYP VCO 204 thereby

Post grammable Current Divider Il 602 5 drives only OPEN-LO

estibIRHING o R IIRSRERNE R IG I et P oM %&éﬂ&%ﬂf@%ﬁ%ﬁ?ﬁmﬁaﬂ 602

V-to-1 converter 205 (Non-SSC) is fed to Currént Divider 301, which
er}éédcﬁﬁ %?’Eﬂfr tﬂy@gﬁﬁﬂumt current IUNIT input to the two current
source arrays 41? and 601. The first Current Source Array 10 411 is
controlled by Register 511 in which the value is selectable based on the
spread method (center- or down-spread). The second Current Source

Arra 1 |s coniy olle M 701 in.which the initi set to
equgﬁﬁ} egl %’f vaabe Hgéjv uctgurtézll%ge S mozula onverRer 205

Ero ggé“He sheyéﬂss ?aep triangular or any.other modulation ﬁroflles)

e‘e@#&l (L3 GREEE D DY\ o GRAdHfit current

" the 15 corresponding current. This ensures that the modulation signal
IuteackptheoPhd tewtputrent source arrays 411 and 601. The first Current Source Array

411 is controlled by Register 511 in which the value is selectable based on the spread

method (center- or down-spread). The second Current Source Array 601 is controlied by

ROM 701 in which the initial value is set to be equal to the Register 511 value. The ROM

contains the modulation profile (“Hershey Kiss”, Step triangular or any other modulation
profiles) and, based on the ROM data, the second Current Source Array puts out the
conesponding current. This ensures that the modﬁlation signal tracks the PLL output
frequency (this feature is not available in the prior art referenced above). Then this current
is passed to Programmable Divider II 602 to scale it down to the desired spectrum ratio

(e.g., 1%). The resultant current (Inop) is passed to the SSC V-to-I converter 405 to effect

current summing/current subtracting with the full scale current which generates the PLL

output frequency.
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frequency: (this feature is not available in the prior art referenced above).
Then this current is passed to Programmable Divider 1 1602 to scale it
down to the desired spectrum ratio (e.g., 1%). The resultant current
(IMDD) is passed to the SSC V-to-I converter 405 to effect current
summioig/thatrbothsRbgiaietirdd Watid tROMIV6t al€ Kigri®nt thisisbcgrd prefersed
the PLL 20 output frequency. 14 Note that both Register 511 and ROM
emtddohérigals B-Hiis watoadi phatehretve DinoeinniresABdyd st Wicdadh6eil are also
that the two Current Source Arrays 411 and 601 are also identical in
idevititial Ttheidth alege vidtapdnd havndaniickieatiod tuseutcertaysandnd V-to-I
V-to-l converters 205, 405 for ICOs 206, 406, respectively, is that only

coipenegistos s delCios BigMIOtirkspatie: e 80hiodatyahangasterhelne (and
changing spread methods from center spread to down spread and vice

ROBISAitBEsiElas) pelastio bdhasaaistehvaliadeing ipracnieheddFonBdatiter spread

data (digital domain) will ensure that the center spread is very close to

1020%n TheatearDiide tRadas i MRihe, Weeinemesepiter JHR¥IAR HeosRY of the
they will be matched very well in the manufacturing process and the 50%

Bl5iAGhEY@ZitHodSHARY W8l EaGIFEat YOGS &s S IRII880%. The

embodiment the center spreading is achieved by offsetting the

o093 MRaRIeUTBRE @ﬂﬁ@ﬁtt%ﬁ%’é’ e@f&??aﬁ‘é' ﬁ&&ﬁl@a@@ﬂ@?&ﬂf A Every
array. Thus, the accuracy of the center spread depends on the matching

wBﬁWﬁ%rﬁQﬁdi’ﬁ@?ﬁ?ﬁ%’?ﬂQ@s&Hﬁ@ﬂfe 515708 B 0EI BRI IO RS Riiddr.

which is difficult to achieve since they are not identical. Therefore, a

WHSBS ITREOYRMSREEAA BmBiadads the iRt BiRIG] STRIFMEN s PEHfRtting the

programmable current mirror to 50% of the full scale of the current source array. Thus, the
accuracy of the center spread depends on the matching between the programmabie cﬁrrent
mirror and the current source array, which is difficult to achieve since they are not identical.
Therefore, a further improvement can be made to the first preferred embodiment of the
present invention by changing the Programmable Curreﬁt Mirror 401 of Fig. 4 to be
identical with the Current Source Array 601 (i.e., B bits wide). The Post-Programmable
Current Divider I 402 will then also be identical with the Post-Programmable Current
Divider I 602. Therefore, the accuracy of the center spread depends on the matching of

identical blocks. This ensures that center spread will be very close to 50%.

This architecture also provides the means to synchronize the two PLL outputs by
calibrating or sensing the two outputs over a modulation period and, accordingly, adjusting
the register value to be slightly different from the ROM initial value.

15




10

15

20

15 present invention by changing the Programmable Current Mirror 401 of
Fig. 4 to be identical with the Current Source Array 601 (i.e., B bits wide).
The Post-Programmable Current Divider | 402 will then also be identical
with the Post-Programmable Current Divider 11602. Therefore, the

acCURgYy@fi kiraes bk y5eR¢ (fRRe BasaO Bt hinaatiddeTieabroposed
blocks. This ensures that center spread will be very close to 50%. 20 This

SSTChHRAIEASO EAMAL SHER JRRAGIpISY ek entEe S3TWod bloQviRdSurve B

by calibrating or sensing the two outputs over a modulation period and,

shaRRAIRGpREIUSINS thentoster valor:iocke Slgiin qikrs Rhiramdiglation

ROM initial value. 15 Fig. 6 illustrates the results of the behavioral model

& THAAHON0f K-RIPR et C1 3TN 108, COnYeBIROMS Y has a
sampled data of the SSC VCO clock and Curve B shows the sampled

frélpiney the 5B HEG. .
freq ug%cy oai‘%@g KHz ﬁmng ?ﬁmig%%? %%éiﬁﬁaﬂ%g %g ?ggﬁresthe&?egauve

mBBhAm f§%§f3§‘¢ﬁ)ﬁﬁé 559 %ﬂ&%@%&a&%(ﬂ%)&gﬁd@%@lﬁ 404t sample

samples, where the negative maximum is near sample 521. The

26‘1@8& rsﬂ{ecg’%?ssgﬁeﬁ ngE %%H?r%%’%hﬁ‘%%%%ﬁ%i‘&?%ﬂ?e

y-axis (frequenty angé‘from 15870 MHz to 162.5 MHz. We
describe now a method according to the a first preferred embodiment of
the 10 present invention which is for generating a clock output signal with

Ted“?fd %ﬁ{s A eL?%éﬁlm&‘%Qé%'r IS HE NG IIRAIGE WS Riment of the
inclu e step

present invention which is for generating a clock output signal with reduced amplitude
electromagnetic interference harmonics which includes the steps of:

a) generating a series of non-spread spectrum clock pulses in a closed-loop oscillator
comprising a first voltage-controlled oscillator with a V-to-I converter in series with a
current-controlled oscillator;

b) coupling to the closed-loop oscillator a second voltage-controlled oscillator identical to
the first voltage-controlled oscillator; and

c) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten
and widen the spectrum of the electromagnetic interference harmonics by frequency

modulating the second voltage-controlled oscillator utilizing digital memory circuits with

stored spread method and moedulation ratio data.

In a second preferred embodiment of the present invention step ¢) is changed to:

¢) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten

16
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VLU= LUTIVETLET 1T OSTTITO VWilLll a  vuliclit-eulidulicu voaliliawl, Lo J)

coupling to the closed-loop oscillator a second voltage-controlled
ar@seilRiotHe epdiaakivo bR uokingeanialitdaseitaiaiodoss) Sejaatty

spectrum modulating the series of non-spread spectrum clock pulses to

milativfinameVAeRINLERReHIM8 R RIS WaMA 8ISt I AR %N stored spread

harmonics by frequency modulating the second voltage-controlled

meHIHFRITHHEIZNDY GitabRPRIYIaIEHIBHE kL h 8 s RESPISREOMAL RS 11 ator

and modulation ratio data. In a second preferred embodiment of the
utAiER@Yi NME iR Rl SRtH)siD: 203888 #RornCBB"8ad. SPectrum modulating

the series of non-spread spectrum clock pulses to flatten 16 and widen
the spectrum of the electromagnetic interference harmonics by frequency
modulating the first voltage-controlled oscillator utilizing digital circuits with

storegnRpreato MR liGSaNg BY IR RUE Yot R I AN RE e BRie M ter-spread

voltage-controlled oscillator utilizing digital circuits with stored modulation

aJ@HB\QEg:rQaE foRRiRdiel rgf)% é B%dg%ﬁ?é) ‘%Eﬁ%?iﬁ rfﬂ%ﬁhey—K.lss Step-

comprises storing center-sp -sprea les’in the spread

g?.ﬁ’% B ?ﬁ{@ élﬁ%ﬂ"ﬁ ﬁ Heﬁﬁ%h@ﬂ%?ﬂﬂ%ﬂﬁﬁ? E:?cﬂ%’lé’ther
ation p s inthe mo atlon ratio profi _

While the invention has been particularly shown and described with reference to the
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the

invention,
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made without departing from the spirit and scope of the invention. 15 20
17 Claims 1. An architecture for a spread spectrum clock generator with
reduced amplitude electromagneticdraliﬁrlfserence harmonics, said
architecture comprising: clock pulse generating means including
closed-loop voltage-controlled oscillator means for generating a series of
1. Aw&ntwwéipéai@@@éémmwéﬂ%ée@w%néiéhcrggnﬁstba felegfegmagnetic
comprising a first V-to-l converter means converting voltage to current,
interfesaickynitagetconsid|kchiastittatammesing:producing non-spread spectrum
voltage-controlled oscillations; an open-loop voltage-controlled oscillator
means coupled to said clock pulse generating means, said open-loop
voltage-controlled oscillator means comprising a second V-to-l converter

clock PIRBEENEARUEHRGY FHAAGIES EINEN T SR RREDCANR RSEURIALIRERBSs for

producing spread spectrum voltage- controlled oscillations with reduced

enerPIIE pctiomaguetic terferance nAMOnies: (AL FRLEAA SPECM hrter
maodulating means-‘coupled 1o sala CIoCK pu generating means 1or

modulating said open-loop voltage-controlled oscillator means, said first
compr 1 -1 converter means converting voltage to current, said voltage-controlle
p?ﬂ?éﬁf%ec 1t rting voltage t t, said voltag trolled

oscillator means producing non-spread spectrum voltage-controlled oscillations;

an open-loop voltage-controlled oscillator means coupled to said clock pulse generating means, said
open-loop voltage-controlled oscillator means comprising a second V-to-I converter means
converting voltage to current, said open-loop oscillator means producing spread spectrum voltage-

controlled oscillations with reduced amplitude electromagnetic interference harmonics;

first spread spectrum modulating means coupled to said clock pulse generating means for
modulating said open-loop voltage-controlled oscillator means, said first spread spectrum
modulating means comprising spread method means for generating a center and down spread
selection - for modulating said open-loop voltage-controlled oscillator means, wherein said first
spread spectrum modulating means comprises first programmable current mirror means and a first
post-programmable current divider means to provide a current to produce said spread method means

for said open-loop voltage-controlled oscillator means; and

18
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modulating means comprises first programmable current mirror means
and a first post-programmable current divider means to provide a current
second QPEREIVGE St SRR, HsrRsaSd 18's3R108E 100 Benerating means for
voltage-controlled oscillator means; and 18 second spread spectrum
modu R8RSR BIE 8.5 S0P oe AR 0 PRSP pectrum
modulating said 8pen-ai op voﬁ?age-con folled GSeiliator means, said
second spread spectrum modulating means comprising frequedmfy, X
modulating ARy SHBBHE I AL ) ‘tb%ﬂ%i‘ﬂﬁa&éi BtcRyggnodulating said open-
voltage-controlled oscillator means, said frequency modulating means
loop velirapmsemep PedfieciHasriunaang rehiisdsnaioaoshtiins agans sampeising profile
voltage-controlled oscillator means and spread spectrum ratio generating
modulategmsefms deneratitygingodid apen-tatip s dhagacdopeled aspiNattageans and spread
controlled oscillator means. 2. The architecture of claim 1, wherein said
spectriitstaAid0SRich SREANAN £or beaHe MRRANSoaR 60 YRlegido pelriiopneb Rage-
second current-controlled oscillator, respectively. 3. The architecture of
controfl@IN i WBErsiRsaid closed-loop voltage-controlled oscillator means and
said open-loop voltage-controlled oscillator means are identical to each
other. 4. The architecture of claim 1, wherein the divisor for said first
programmable current mirror means is controlled by a first memory

means. 5. The architecture of claim 4, wherein said first memory means
2. Thg&m %‘Wgtmg @@iﬂ %g&g&?@é@i&rﬂmt anH sa? second V-to-I convgrter means are

coupled to a first and a second current-controlled oscillator, respectively.

3. The architecture of claim 1, wherein said closed-loop voltage-controlled oscillator means and

said open-loop voltage-controlled oscillator means are identical to each other.

4. The architecture of claim 1, wherein the divisor for said first programmable current mirror

means is controlled by a first memory means.

5. The architecture of claim 4, wherein said first memory means contains the spread method data

comprising data for center-spread and down-spread profiles.

6. The architecture of claim 1, wherein said second spread spectrum modulating means comprises

second programmable current mirror means and a second post-programmable current divider means

19



nicalio LUINPIISTOS STLUNU piuylaliiiiiavic culiclhit tiirol ricalio dliiu a
second post-programmable current divider means 19 to provide a current
to produce said modulation ratio for said open-loop voltage-controlled

to proAFEHRAMN e PERANSdcd PEAHSAERIHIG AB TR JERRTREL PSRN R Iled oscillator
said second programmable current mirror means is controlled by a

second memory means. 8. The architecture of claim 7, wherein said

means, ) : . .

second memory means contains the modulation ratio data comprising
data for modulation profiles. 9. An architecture for a spread spectrum
clock generator, comprising: a phase-locked loop means with a
closed-loop voltage-controlled oscillator means for locking onto an input

7. Thejghitegprreel Wase @ phzaselndiralivisopinrsaidsceand rosedmmaple current mirror
voltage-controlled oscillator means comprising a first V-to-I converter

means nseang ¢tecdonye sevalithgetogumentsand a first current-controlled
oscillator means to convert current to frequency, where said closed-loop
voltage- controlled oscillator means provides a non-spread spectrum
clock output signal; an open-loop voltage-controlled oscillator means

8. ThEQHRRELIR-SALRNASLIARkEH DRPMEAT G R HIEM & IRIEAT BREFIM Mtion ratio
clock signal, said open-loop voltage-controlled oscillator means
comiorisira% a second V-to-l co yerter means to convert voltage to current

data cofmprisiy ta (for o 1%1at10n Pr?iﬁ I6% i

and a second current- controlled 6scillator means to convert current to

frequency, where said open-loop voltage-controlled

9. An architecture for a spread spectrum clock generator, comprising:

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for locking onto
an input signal applied to said phase-locked loop means, said closed-loop voltage-controlled
oscillator means comprising a first V-to-I converter means to convert voltage to current and a first
current-controlled oscillator means to convert current to frequency, where said closed-loop voltage-

controlled oscillator means provides a non-spread spectrum clock output signal;

an open-loop voltage-controlled oscillator means coupled to said phase-locked loop means to
provide a spread spectrum clock signal, said open-loop voltage-controlled oscillator means
comprising a second V-to-I converter means to convert voltage to current and a second current-
controlled oscillator means to convert current to frequency, where said open-loop voltage-controlled

oscillator means provides a spread spectrum clock output signal;

20



o>alu LIVoCU=IvUY vuillayc-Lulidulicu valiialul 11icdllos, odiu llot opicadu
spectrum modulating means modulating said open-loop
voltage-controlled oscillator means with a selected spread method, where

a first § ?eé'a% Ec%ﬁﬁﬂ%&lﬁﬁ}%ffﬁ%ﬁﬁﬂﬁ BOhSRGRIEHTS MeR IR MRS closed-loop

ivide by a first programmable value, where the output of said first
spre ctrum, modulatin sis d to a first input of said
voltage, Con?rl%lz‘%Fvo t%gte()rc%lﬁ?rosﬂe% oscaﬂ]a 5?ame%€ncsmg}1 a{ﬁeéoﬁqm Ste %Odulatmg said
spectrum modulating mg ans in comm nlca ion with s tof sali
open- lep&s\éf&t?@sa%ﬁia RS oA A S ST Pkt e inpu
spectrum modulating means modulating sald open-loop
currentlsaid fshirsredispeciiiaronpaiingmsanse dutslghiyduiasian eatimable value,
where the input current to said second spread spectrum modulating
where thean®pis df\saddiby spsedepecprograodoiatig nredue jsehepéethie aditistiinpfut of said
said second spread spectrum modulating means is coupled to a second
open-lioputdfagaicbansenecdof Mnkaaa-anntialed oscillator means. 10. The
architecture of claim 9, wherein said output of said first spread spectrum
modulating means provides a summing current to said open-loop
voltage-controlled oscillator means. 11. The architecture of claim 9,
a secor\{\c'ihserrgl Saé%t"“tp“B&’ulﬁé‘"fgésn‘i;‘&%rs‘?ns JgathaRectvm modyiain
2 SUDLTAC Ing cur 0 said open-loop voltage-contr

osc:|IIat r mea .21 12. The, rch tecture of claim 9, wherein said first
Voltag% F(S?& ML RANG § ogé: spread spectrum' modulating means modulating

said open-loop voltage-controlled oscillator means with a selected modulation ratio, where the input

8 tg% $§iflosed- loop

current to said second spread spectrum modulating means is divided by a second programmable
value, where the output of said second spread spectrum modulating means is coupled to a second

input of said open-loop voltage-controlled oscillator means.

10. The architecture of claim 9, wherein said output of said first spread spectrum modulating

means provides a summing current to said open-loop voltage-controlled oscillator means.

11. The architecture of claim 9, wherein said output of said second spread spectrum modulating

means provides a subtracting current to said open-loop voltage-controlled oscillator means.
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memory means used for storing the modulation ratio data comprising data
for modulation profiles. 14. An architecture for a spread spectrum clock
12. ThEGRSBALEQMALISNS hPRAEalagked) ‘%faﬂﬁ%%‘l% VMiRealoRaEHOPRy a ﬁrst
voltage-controlled oscillator means for'locking onto an input signal to"said
memo hr%agre?glsglgsr% (!9(53 Ring S\§§ral% (I:I!I%ﬁle (9 b c\(/)(r)1|1ta (?1(1:%0(11 ; n er—§8read and
prising a converter mean nver age
ent a a first current- controlled oscillator means to convert current to
down- ?Péﬁ%ﬂ?f&? #here said closed-loop voltage- controlled oscillator means
provides a non-spread spectrum clock output signal; an open-loop
voltage-controlled oscillator means coupled to said phase-locked loop
means to provide a spread spectrum clock output signal, said open-loop
13. Nuitagktecmnimitdoscilatbemieans! somprising ansedoada(tos|contredideby a
means to convert voltage to current and a second current- controlled
second@ehdi9miReANSstd EaNeihgUReRbtukeon entydwhesmpaikhgRanr lemodulation
voltage-controlled oscillator means provides a spread spectrum clock
proﬁleQUtpUt signal; a first programmable current divider means in
communication with the output of said first V-to-I 22 converter means,
where said first programmable current divider means divides the input
current to said first programmable current divider means by a first value

lied by a first storage means, s
14. An gr%hnecu)l/re or a spread spectrum clo& generator, comprising:

o,[lled oscillator

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for locking onto
an input signal to said phase-locked loop means, said closed-loop voltage-controlled oscillator
means comprising a first V-to-I converter means to convert voltage to current and a first current-
controlled oscillator means to convert current to frequency, where said closed-loop voltage-

controlled oscillator means provides a non-spread spectrum clock output signal;

an open-loop voltage-controlled oscillator means coupled to said phase-locked loop means to
provide a spread spectrum clock output signal, said open-loop voltage-controlled oscillator means
comprising a second V-to-I converter means to convert voltage to current and a second current-
controlled oscillator means to convert current to frequency, where said open-loop voltage-controlled

oscillator means provides a spread spectrum clock output signal,

a first programmable current divider means in communication with the output of said first V-to-1
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current divider means divides the input current to said second
programmable current divider means by a second value supplied by a

conveﬁ&%@gﬁt%?é}@ sTEARE prAthRRHAE SIRERYRI GRS MGiA&YAESnput current to

based on the modulatlon ratio; a first post- programmable divider means
said ﬁrs%%f) lerdartﬁ) a 4t Ut dlqu erf'rmseta& Q%IVI S ueC St rrelﬂ dq)V'd%rrsrp etorag’e means, said

s rs pos programma er means d
oscillations of said clgsed-lo pvoIt e-C ntroll%(?doscnlator means by a
first storage MSIPsFHITLING ¥ Ef‘e PR B first

post-programmable divider means is coupled to a first input of said
open-loop voltage- controlled oscillator means to determine the spread
method of the spread spectrum clock output signal; and a second
a secopbptegropmaabin abtecdividedeneanss couptechtoicrtiontpith dicsaitpseadsud first V-to-1
programmable current divider means, where said second

converRQSirEHRganere abie flivi gesomaansoti\igesnsdididesentations Riesahd input current to
closed-loop voltage-controlled oscillator means by a second

said sREALBHVRARIG HELIErHBeRR AUIRUG 01 SelR RPRAN RASIBI Y A REAR Borage

divider means is coupled to a second mput of said open-loop
voltgge co troIIed oscnlat r means,to get the medul Iatlon ratio of
means, Sal CCOH (,g[ anl OI'IIEE a value oaula %
spe rum cloc put signal. e arc |tec uré of claim

14 Whereln the input to said first and said second programmable divider
means is a divided-down frequency from the output of said first V-to-I

converter.
a first post-programmable divider means coupled to an output of said first programmable current

divider means, where said first post-programmable divider means divides said oscillations of said
closed-loop voltage-controlled oscillator means by a first programmable value, where an output of
said first post-programmable divider means is coupled to a first input of said open-loop voltage-
controlled oscillator means to determine the spread method of the spread spectrum clock output

signal; and

a second post-programmable divider means coupled to an output of said second programmable
current divider means, where said second post-programmable divider means divides said
oscillations of said closed-loop voltage-controlled oscillator means by a second programmable
value, where an output of said second post-programmable divider means is coupled to a second
input of said open-loop voltage-controlled oscillator means to determine the modulation ratio of the

spread spectrum clock output signal.
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post-programmable divider stores the spread method data comprising
data for center-spread and down-spread profiles. 18. The architecture of
1s. MR BETRIDISRIA seCRDRRIRL RIGRBERIS RS NAER B grammable
modulation ratio data comprising data for modulation profiles. 19. An
aivideFIFAESL S e spicad speciium. gk gensralor i feduead onyerer.
amp"ﬁu&e elec romagneflc IRtetferance harPnonlcs, Said architecture
comprising: clock pulse generating means including closed-loop
voltage-controlled oscillator means for generating a series of clock
pulses, said closed-loop voltage-controlled oscillator means further
16.  Tdsmpshisieruactirse i Inc ohgeste sHIbsas e EbHOBE MG SAa SgBIRS EasrgARdom access
said voltage-controlled oscillator means producing non-spread spectrum
memonoltaraiog thel e @suiliztide s)@inlepen:vopudiiage-controlled oscillator
means coupled to said clock pulse generating means, said open-loop
voltage-controlled oscillator means comprising a second V-to-1 converter
means 24 converting voltage to current, said open-loop oscillator means

17.  THOMMAING BRISRAISASTY UhyRlRdfd SRRHRNRd:OSCHIRRAS WTaEPAYRRYhe spread

amplitude electromagnetic interference harmonics; first spread spectrum

metho KIS TEARS couRled dosaid clos pulse. generagna means for
modulating said closed-lIoop voltage-controlled oscitlator means, said first
spread spectrum modulating means comprising spread method means

for generating a center spread and down spread

18. The architecture of claim 14, wherein said second post-programmable divider stores the

modulation ratio data comprising data for modulation profiles.

19.  An architecture for a spread spectrum clock generator with reduced amplitude electromagnetic

interference harmonics, said architecture comprising:

clock pulse generating means including closed-loop voltage-controlled oscillator means for
generating a series of clock pulses, said closed-loop voltage-controlled oscillator means further
comprising a first V-to-I converter means converting voltage to current, said voltage-controlled

oscillator means producing non-spread spectrum voltage-controlled oscillations;

an open-loop voltage-controlled oscillator means coupled to said clock pulse generating means, said

open-loop voltage-controlled oscillator means comprising a second V-to-I converter means
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current divider means to provide a current to produce said spread method
means for said closed-loop voltage-controlled oscillator means; and
converSEEAN SRR SRACEHA JHALtal ragcm%meﬁﬂ%?gdmg@p%g&%&é% voltage-
geRerating means for modulating said open-loop voltage=controlled
conrofiSTURIE MERIAPRA SeaRA AP Fed SRS T ARIO NGRS o
mprising frequency mo r]n;i)tlng means for requency mo |ng said
open- loop voltage-controlled oscillator means, said frequency modulating
means comprising profile modulating means for modulating said
open-loop voltage -controlled oscillator means and spread spectrum ratio
first spyeaqesRRbE hEWLS Rsinganeaniiery PhsUiQIstigreieakaarter senerdpenmesis for
voltage- controlled oscillator means. 20. The architecture of claim 19,
modulevingreind sdodefirbicgprch Bagd-secooldel dwil loomeetes nad i supreal gpedrton
a first and a second current-controlled oscillator, respectively. 25 21. The
modulaighiteeibs@ sthsaime kPreat et aaid £10sad-taepveitageneaniialiddind down spread

oscillator means and said open-loop voltage-controlled oscillator means

selectiBFEIPRINICA IR LR QHREL:186p ThRsEytrTicE ARttt ARaRAIRIRHSId first

dIVISOI’ for said Tirst programmable current source means is controlled by

I Cstg,u rrrhemo({gl gﬁeans e arc rSgture of claﬁe%%ﬂ\évqereln said first

Spreadn‘P emory means CC%'I{%_CI%ISIS'[F\OIH%) rlrseeg e%%%algn}a compr|5|n8u & II]Fal’lS and a first

center-s read and down-spread profile
post-programma le current &i vider n?eans t(? provu?e a current to produce said spread method means

for said closed-loop voltage-controlled oscillator means; and

second spread spectrum modulating means coupled to said clock pulse generating means for
modulating said open-loop voltage-controlled oscillator means, said second spread spectrum
modulating means comprising frequency modulating means for frequency modulating said open-
loop voltage-controlled oscillator means, said frequency modulating means comprising profile
modulating means for modulating said open-loop voltage-controlled oscillator means and spread
spectrum ratio generating means for generating modulation ratios for said open-loop voltage-

controlled oscillator means.

20. The architecture of claim 19, wherein said first and said second V-to-I converter means are

coupled to a first and a second current-controlled oscillator, respectively.
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provide a current to produce said modulation ratios for said open-loop
voltage- controlled oscillator means. 25. The architecture of claim 24,

21, e %f@ﬁ'i‘té@ﬁx‘éiMF&EiEHH@?Wh%?&H@S’iJPE‘?&i&fﬂ%@ﬁ@lﬁ%&%ﬁé&‘l’é&%smﬁ&%eam and

is controlled by a second memory means. 26. The architecture of claim
: : ry means contains, the moduylation ratio
said o R R A S SR e o &
spread spectrum clock generator, comprising: a phase-locked loop means
with a closed-loop voltage-controlled oscillator means for locking onto 26
an input signal applied to said phase-locked loop means, said closed-loop
22, Nsiageiteemtonbelasadiflandicrsuniis domspritingpil fikst presrrmsmbdereyrrent source
means to convert voltage to current and a first current-controlled
meansoscitatot eddarsfictonamerycoerant to frequency, where said closed-loop
voltage- controlled oscillator means provides a non-spread spectrum
clock output signal; an open-loop voltage-controlled oscillator means
coupled to said phase-locked loop means to provide a spread spectrum
23, THeGkRienal-Said ARRN IR/ CHRIR FRNRNRT 9SRURAOCE NGRS he spread method
comprising a second V-to-l converter means to ‘convert voltage to current
a.se current- cont Ie(g d%scillatora nea Feto convert current to
e

da'[aCaIIrl]dI‘lSln %g%dfor CORLer Shroad In Wi-SPIC orjfes
q‘re% n%y floop voﬁaé)e-cog{ro} d oscillator means

uertcy, where said open-
provides a spread spectrum clock output signal;

25 Where'ﬂ]asaid S{argﬁnéj megn

24. The architecture of claim 19, wherein said second spread spectrum modulating means
comprises second programmable current source means and a second post-programmable current
divider means to provide a current to produce said modulation ratios for said open-loop voltage-

controlled oscillator means.

25. The architecture of claim 24, wherein the divisor for said second programmable current source

means is controlled by a second memory means.

26. The architecture of claim 25, wherein said second memory means contains the modulation

ratio data comprising data for modulation profiles.

27. An architecture for a spread spectrum clock generator, comprising:

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for locking onto
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voltage-controlled oscillator means with a selected spread method, where
the input current to said first spread spectrum modulating means is
an inpS¥IgRS YRR IRASRINMBPIS I RINE mRS & (AR08 & A ¥ Ebntrolled
spread spectrum modulating means'is coupled to an input of said
oscilla&l)(r)%lecelﬁllsocc)gr%/é)rlit?a} e:CRIIrolied osgliatar Means; %ntgvgrtsd?&?%n% f&&%‘é‘at and a first
Sspectrum modulatihg means in communication with said ou Bu of sal
closed-logp voltage-controlled oscillator means, said second %oread
currengﬁglgﬁq”ﬁ %ﬁﬁqﬁf&%éﬂé:%%%%{m@tég%egﬁgﬁ_yoggere said closed-loop voltage-
voltage-controlled oscillator means with a selected modulation ratio,
controilgeepectialon preansurverides sannseedsresisan sloskuputiograkting
means is divided by a second programmable 27 value, where the output
of said second spread spectrum modulating means is coupled to an input
of said open-loop voltage-controlled oscillator means. 28. The
an oped!JdpeRilngof saiblled/osvinaiei meaid Ebsh R sdnhphbie- MRkl IBop means to
controlled by a first memory means used for storing the spread method
providSat@rOMBsisingdaia fasigenterarisad aae sewasreast prliast? heans
The architecture of claim 27, wherein said second programmable value is
comprfRPLEd by & sqcand memony means,used for stgring e modulation ren.
Fato data comprising gapa or modulation pI’O]ftlflgS. 36 AR"arChifecture for

spread spectrum clock generator, comprising: .
contro edposc?l?at(g* means to convgrt current to geqﬁency,g where said open-loop voltage-controlled

oscillator means provides a spread spectrum clock output signal;

a first spread spectrum modulating means in communication with an output of said closed-loop
voltage-controlled oscillator means, said first spread spectrum modulating means modulating said
closed-loop voltage-controlled oscillator means with a selected spread method, where the input
current to said first spread spectrum modulating means is divided by a first programmable value,
where the output of said first spread spectrum modulating means is coupled to an input of said

closed-loop voltage-controlled oscillator means; and

a second spread spectrum modulating means in communication with said output of said closed-loop
voltage-controlled oscillator means, said second spread spectrum modulating means modulating
said open-loop voltage-controlled oscillator means with a selected modulation ratio, where the input

current to said second spread spectrum modulating means is divided by a second programmable
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comprising a first V-to-l converter means to convert voltage to current and
a first current- controlled oscillator means to convert current to frequency,
value, WHEE SRS IRS6ES 100 RVl Rgs S5 ESMh aRGHALAN BYRRNR R e¥IfRSIZ0 an input of
non-spread spectrum clock output signal; an open-loop voltage-controlled
SaidOosgillator eans coupled tq.said [r)l;mse-locked loop means to provide a
pEn-100p vo tage conﬁroﬁlg 4] 01ﬁ[a or elans.. ) _
spread spectrum clock output signal, said open-loop voltage-controlled
oscillator means comprising a second V-to-I converter means to convert
voltage to current and a second current- controlled oscillator means to
convert current to frequency, where said open-loop voltage-controlled 28
28.  Tdscimehseshisant grovidésvhesie sad fevpregtamaiibatibeigsanteotestby a first
programmable current divider means in communication with the output of
memosainkefinstuyedofdr somvgrtke speeadsnethet dgaichfinsti pngglamivaddetausperad and
divider means divides the input current to said first programmable current
down-Sjivédeprogars by a first value supplied by a first storage means, said first
storage means storing a value based on the spread method; a second
programmable current divider means in communication with the output of
said first V-to-1 converter means, where said first programmable current
2. fliYider means fivides he IRl cUEOLS SAIdSECONA RIOAIRNMARIS) q by a
current divider means y a second value su%pl%dnby a second storage

eans, said second. storage means storing a value based on the .
secon YIS 050 E0EdRS %&8&%4@%@%@%%% gypdulation

output of said first programmable current
profiles.

30. An architecture for a spread spectrum clock generator, comprising:

a phase-locked loop means with a closed-loop voltage-controlled oscillator means for locking onto
an input signal to said phase-locked loop means, said closed-loop voltage-controlled oscillator
means comprising a first V-to-I converter means to convert voltage to current and a first current-
controlled oscillator means to convert current to frequency, where said closed-loop voltage-

controlled oscillator means provides a non-spread spectrum clock output signal;

an open-loop voltage-controlled oscillator means coupled to said phase-locked loop means to
provide a spread spectrum clock output signal, said open-loop voltage-controlled oscillator means
comprising a second V-to-I converter means to convert voltage to current and a second current-

controlled oscillator means to convert current to frequency, where said open-loop voltage-controlled
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post-programmable divider means is coupled to an input of said
closed-loop voltage- controlled oscillator means to determine the spread
oscillaBEHROAHNG SRS SAPUURL IR signg!; and a second
post-programmable divider means coupled to an output of said second
programmable current divider means, where said second
post-programmable divider means divides oscillations of said closed-loop
voltage-controlled oscillator means by a second programmable value,
a fist DYREFANARADIS SRS OF-ETEEEEE PUSTRIEHATHYATA EPEOA M, R st V-to-1
coupled to an input of said open-loop voltage-controlled oscillator means
converigrdaeansyiwboissasodisiatieatratisabiasurEpetividyaraumdiages Bgtpput current to
signal. 31. The architecture of claim 30, wherein the input to said first and
said fisajctareomohblogranmtdiblderdivicier bpadinstisadudivigpbeddwin frsgsterage means, said
from the output of said first V-to-l converter. 32. The architecture of claim
first stSRgWREANARIHSLORN Biaoa MegnsLomigkises a random access
memory containing the programmable modulation ratio profile. 33. The
architecture of claim 30, wherein said first post-programmable divider
stores the spread method data comprising data for center-spread and
a secor‘f'c?évr%%?ﬁ‘?of%r%’ﬂ%%t i Q%%é%@'%ﬁ%%%ﬁ%%%ﬁ%%{ﬂﬁg %‘%{gpg'ta'?' said first V-to-I
second post-programmable divider stores the modulation ratio data

comprising data for modulation profiles. .. .. ,
converter mpeans, E\gvhere said first programr%a le current divider means divides the input current to

said second programmable current divider means by a second value supplied by a second storage

means, said second storage means storing a value based on the modulation ratio;

a first post-programmable divider means coupled to an output of said first programmable current
divider means, where said first post-programmable divider means divides oscillations of said
closed-loop voltage-controlled oscillator means by a first programmable value, where an output of
said first post-programmable divider means is coupled to an input of said closed-loop voltage-
controlled oscillator means to determine the spread method of the spread spectrum clock output

signal; and

a second post-programmable divider means coupled to an output of said second programmable
current divider means, where said second post-programmable divider means divides oscillations of

said closed-loop voltage-controlled oscillator means by a second programmable value, where an
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oscillator comprising a first voltage-controlled oscillator with a V-to-I
converter in series with a current-controlled oscillator; 30 b) coupling to
output BEHIOSELIRGR ASHYAAN ASRE AN MR IRGECRWIRE RGRIRN BEtiEBbE-1oop
the first voltage-controlled oscillator, the second voltage-controlled
volagESHIRALSNSIANNG SRIEad SRECium, Clock AUlRGs: A0 FHCOURINGS: crum clock
Spread spectrum generator to an output of the Tirst voltage-comntrolle
oscillator for generating a spread spectrum method signal and a
output, }igithation ratio data signal, wherein said spread spectrum generator
modulates the series of non-spread spectrum clock pulses to flatten and
widen the spectrum of the electromagnetic interference harmonics by
frequency modulating the second voltage-controlled oscillator with spread
31. Thetnddtsiguraldioth mmotly lediereirathe deatet sigraal. {86t ddesanksbanhdpodgimmmable
35, wherein said spread method comprises center-spread and down-
dividespi€ad Rrofilerleddolheffaatbag lbalatn Sipwheriia sadd voedudatioa ttio
data comprises modulation profiles. 38. A method for generating a clock
output signal with reduced amplitude electromagnetic interference
harmonics comprising the steps of: a) generating a series of non-spread

3. TSRS RIRESE SRS SRR ARG AL RIS ises a random access

memory containing the programmable modulation ratio profile.

33. The architecture of claim 30, wherein said first post-programmable divider stores the spread

method data comprising data for center-spread and down-spread profiles.

34. The architecture of claim 30, wherein said second post-programmable divider stores the

modulation ratio data comprising data for modulation profiles.

35. A method for generating a clock output signal with reduced amplitude electromagnetic

interference harmonics comprising the steps of:

a) generating a series of non-spread spectrum clock pulses in a closed-loop oscillator comprising a
first voltage-controlled oscillator with a V-to-I converter in series with a current-controlled

oscillator;
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oscillator; and c) spread spectrum modulating the series of non-spread
spectrum clock pulses to flatten and widen the spectrum of the

b) coufHREOMRANRIE A IRENGS NALGRICH RIIRIHBORUBOIAIALILIS the firs

voltage-controlled oscnlator utilizing digital Circuits with stored spread

method profile fre modu at the
voligy Cﬂggféi@gﬁﬁ%lfta e R e T R maatraggpeeom
0 datg. 39. The method of claim 38, wherein said stored spread
clock IPH ?f‘arofile comprises center-spread and down-spread profiles. 40.
The method of claim 38, wherein said stored modulation ratio profile

comprises modulation profiles. 32

c) coupling a spread spectrum generator to an output of the first voltage-controlled oscillator for
generating a spread spectrum method signal and a modulation ratio data signal, wherein said spread
spectrum generator modulates the series of non-spread spectrum clock pulses to flatten and widen
the spectrum of the electromagnetic interference harmonics by frequency modulating the second

voltage-controlled oscillator with spread method signal and modulation ratio data signal.

36. The method of claim 35, wherein said spread method comprises center-spread and down-

spread profiles.
37. The method of claim 35, wherein said modulation ratio data comprises modulation profiles.

38. A method for generating a clock output signal with reduced amplitude electromagnetic

interference harmonics comprising the steps of:
a) generating a series of non-spread spectrum clock pulses in a closed-loop oscillator comprising a

first voltage-controlled oscillator with a V-to-I converter in series with a current-controlled

oscillator;
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b) coupling to the closed-loop oscillator a second voltage-controlled oscillator identical to the first

voltage-controlled oscillator; and

c) spread spectrum modulating the series of non-spread spectrum clock pulses to flatten and widen
the spectrum of the electromagnetic interference harmonics by frequency modulating the first
voltage-controlled oscillator utilizing digital circuits with stored spread method profiles and by
frequency modulating the second voltage-controlled oscillator utilizing digital circuits with stored

modulation ratio data.

39. The method of claim 38, wherein said stored spread method profile comprises center-spread

and down-spread profiles.

40. The method of claim 38, wherein said stored modulation ratio profile comprises modulation

profiles.
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